Background
Results
Fasting plasma insulin at 5 years of age was significantly correlated with change of weight from 5 to 10 years (ΔWeight). Children in the lowest insulin quartile had ΔWeight of 13.08 ±0.73 kg compare to 18.39±0.86 in the highest insulin quartile (P<0.0001) in boys, and similarly 12.03±0.71 vs 15.80±0.60 kg (P<0.0001) in girls. Multivariate analysis showed that the predictive effect of insulin at 5 years of age on subsequent weight gain over 5 years remained statistically significant even after the adjustment for age, sex, birth weight, TV-viewing time and weight (or body mass index) at baseline. By contrast, the initial weight at 5 years of age did not predict subsequent changes in insulin level 5 years later. Children who
Introduction
Childhood obesity is an important public health issue all over the world, and is of great concern not only for the possible potential effects on adult health and longevity, but also for the potential burden on the global health costs. The prevalence of obese children in Chinese has been increasing over the last 20 years [1, 2] . Childhood obesity can adversely affect many organ systems and often cause serious consequences, including hypertension, dyslipidemia, diabetes, atherosclerosis and increased incidence of coronary heart disease in later life [3] [4] [5] .
Within this context, childhood insulin resistance and hyperinsulinemia may have important implications on subsequent health outcomes [6, 7] . However, it is uncertain whether obesity leads to hyperinsulinemia or hyperinsulinemia leads to weight gain. In 1962, Neel proposed the "thrifty genotype" hypothesis that hyperinsulinemia increased the efficiency of fat storage and play a causal role in the development of obesity [8] [9] [10] [11] [12] [13] . Contrary to the thrifty genotype hypothesis, other researchers have observed that insulin resistance or hyperinsulinemia was associated with lower body weight gain [14] , or that hyperinsulinemia was a result of the increased adipose tissue [15, 16] . However, almost all of these studies were carried out in adults with a high prevalence of obesity and type 2 diabetes, and very few studies have investigated the relationship between insulin and weight gain in early childhood. Olalekan E et al reported that fasting hyperinsulinemia caused more weight gain in aged 5-9 to 15-19 in a Pima Indian children study [17] . We are not aware of any previous longitudinal study in Asian children.
The aim of this present study was to examine the effects of fasting insulin on the subsequent change of weight in early childhood, as well as body mass index (BMI) and the percentage of ideal weight for height (WFH) during a 5-year follow-up period. We hypothesized that fasting insulin in early childhood may be a predictive factor of weight gain.
Materials and Methods

Subjects
The study was approved by the Bureau of Education of Da Qing city, the participating schools and the Ethics Committee of the China-Japan Friendship Hospital. The same study group performed the original study and the follow-up study 5 years later. The informed consent was obtained verbally from the parents of the study participants before they came for the initial visit (with blood tests on the 5 year old children) and for the subsequent similar follow-up visit 5 years later. The study (including the first visit and the follow-up study) was approved by the City Education Bureau and the Ethics Committee of the China-Japan Friendship Hospital, they also approved the method of verbal consent from parents and guardians in this study. We did not record the verbal consent in the participant documents, but the original consent covered the first visit and the follow-up visit after 5 years later.
In China, the requirement for informed consent for clinical studies from the State Food and Drug Administration (SFDA) started only from 1996, and for the first 4 years, only verbal consent was required. Written consent was implemented as a requirement subsequently in 2000. This study was performed in 1998, and the study group was not required to obtain written documentation of the informed consent by the SFDA. In other Da Qing city papers published in Diabetes Care (1997,20:537-44 ) and the Lancet (2008,371:1783-9) this was noted also as written documentation of informed consent was also not available since the Da Qing adult study began in 1986.
Four public elementary schools in the Longnan district in Da Qing city, China, took part in this study. All the children enrolling into first grade at 5 years of age were invited to participate in this study. We recruited the entire cohort of 605 children of first grade from four public elementary schools in Da Qing city. The only exclusion criteria were children with type 1 diabetes, thyroid disease and other serious diseases. Of the 605 children recruited for the study in 1998, 424 children (211 boys and 213 girls) were available for follow up 5 years later.
Anthropometric measurements
All measurements were made by trained nurses when the children were first enrolled at 5 years of age, and the same team made the measurements 5 years later. Participants wore light clothing and took off their shoes. Height was measured to the nearest 0.1 cm by a calibrated wallmounted stadiometer. Weight was measured to nearest 0.1 kg with an electronic scale. The mean of the three recordings was used. As a BMI chart and z-scores for local children was not available for China (There are no nationwide BMI chart or z-scores for less than 7 years old children in China), the percentage of ideal weight for height (WFH) was obtained for each subject for our analysis using our percentage ideal weight for height chart (Percentage Ideal Weight for height chart, 1993, School Health Service, Ministry of Health, Singapore), which has been used as an acceptable measure of degree of childhood adiposity in previous publish studies [18] .
Blood pressure
After at least 5 minutes of rest, Blood pressure was measured twice using a mercury sphygmomanometer on the right arm of the seated participant, 15 minutes apart. The average of 2 measurements was used in the analyses.
Laboratory measurements
All blood samples were obtained at baseline (5 years of age) and 5 years later (at 10 years of age). Fasting blood samples were taken and stored on ice until centrifugation. Plasma samples were stored at -70°C for analysis in batches. Fasting plasma glucose (FPG) and triglycerides (TG) were measured in the central lab (Hitachi 7170, Auto-Biochemistry Instruments). Fasting plasma insulin (FI) was measured in the endocrine lab by radioimmunoassay (DSL, USA). All the biochemistry assays were performed in China-Japan Friendship Hospital in Beijing, China. Insulin resistance was calculated using the homeostasis model assessment for insulin resistance (HOMA-IR = Fasting Plasma Glucose (mmol/L) × Fasting Insulin (mIU/L)/22.5).
Birth weight and TV watching time
Birth weights of the subjects were obtained from birth certificates. Other data were provided by the subject's accompanying parent who completed a questionnaire at school. Parents provided information on the number of hours per day their child watched TV for each day of the week (to nearest half an hour), and the number of days the child watched TV for that week.
Statistical Analysis
Statistical Analysis was carried out using SAS software 9.1(SAS Institute, Cary, NC, USA). Mean values and standard errors were calculated for all variables. The percentage of ideal weight for height (WFH) at baseline, the end of 5-year follow-up, and the change in WFH during the 5-year follow-up were obtained from local standard charts for Singapore Chinese children. The children were ranked to quartiles in ascending order based on fasting insulin at 5 years of age (Fins5). General linear model (GLM) of least squares means was used to determine association among variables in boys, girls and all objects. Student's t-test (with prior testing to ensure that the data had a normal distribution) was used to compare the difference between variables in boys and girls at baseline and the 5-year follow-up. Multivariate regression models were used to determine predictive factors of change in weight and BMI. In the regression model A, gender, birth weight, TV watching time, weight and fasting insulin at baseline were independent variables; in the regression model B, gender, birth weight, TV watching time, BMI and fasting insulin at baseline were included as the independent variables. Table 1 shows the characteristics of the boys and girls at entry and 5 years later. Most of the children in this cohort had body weights within the normal range. At baseline, 79.4% of the girls were normal weight (BMI: 13.1-16.5), 13.6% were overweight and 7.0% were underweight; similarly, 72.0% of the boys were normal weight (BMI: 13.4-16.8), 24.2% were overweight and 3.8% were underweight. After 5 years follow-up, 72.9%, 23.5% and 3.6% of the girls, and 66.8%, 29.4% and 3.8% of the boys were normal weight(BMI:13.6-18.8 for girls; BMI: 14.1-20.1 for boys) [19] , overweight and underweight, respectively. There were no statistically significant differences in height, weight, BMI, WFH, blood pressure and fasting plasma glucose and fasting insulin between boys and girls at baseline, but TG in girls was higher than in boys (P = 0.04). After 5 years, the weight, BMI, and WFH in boys were significant greater than in girls, at the presence of similar height in two gender groups.
Results
We divided the boys and girls into four groups according to fasting insulin quartiles at baseline to analyze the association between fasting insulin and subsequent weight gain during the 5-year follow-up. The weight, BMI and WFH at the entry gradually increased with the increase of fasting insulin in both genders. The children within the highest insulin quartile had significant higher level of weight, BMI and WFH at 5 years of age compare with the lowest insulin quartile group in all subjects and both boys and girls (P<0.01). However, there was no statistically significant association between birth weight and the increase of fasting insulin at 5 years of age. Similarly, the weight, BMI and WFH at 10 years of age also increased over the 5 years follow-up with the increase of fasting insulin. When we compared the relationship between fasting insulin at baseline with the change of weight (ΔWeight), BMI (ΔBMI) and WFH (ΔWFH) over the 5-year follow-up, it was found that the change in these variables also significantly increased with the increase of fasting insulin quartiles in all of the children. Compared with the lowest group, the top fasting insulin quartile group had statistically significant higher levels for ΔWeight (P<0.0001), ΔBMI (P<0.0001), and ΔWFH (P = 0.002) ( Table 2) . A multivariate regression analysis also showed that fasting insulin at 5 years of age were significantly correlated with ΔWeight (P<0.0001) after the adjustment of gender, birth weight, TV viewing time and weight at baseline (gender: P = 0.65; birth weight: P = 0.41; TV viewing time: P<0.0001; weight at baseline: P<0.0001). When we took the change of BMI as dependent variable, fasting insulin at 5 years of age was still significantly correlated with ΔBMI after adjusting for the same confounders (Table 3) .
To further investigate the correlation of ΔWeight over the 5 years with both fasting insulin and weight at baseline, we stratified weight at 5 years into tertiles in each quartile group of fasting insulin at baseline. The results showed that ΔWeight over 5 years significantly increased with increasing weight at baseline in each group of fasting insulin quartiles, and the greatest ΔWeight was found in the group had highest-fasting insulin with highest-weight at baseline (Fig 1) . When we compared the differences of cardiovascular risk factors among these subgroups, we found that SBP, FPG, TG and HOMA-IR at 10 years of age were all significantly higher in the highest-fasting insulin with highest-weight group compared to the lowestinsulin with lowest-weight group (SBP: 104. We also analyzed the relationship between weight at baseline and the change of fasting insulin level during the 5-year follow-up. It was found that the weight at baseline did not predict the change in fasting insulin over 5-year follow-up(r = 0.02, P>0.05, did not show in table). The change of fasting insulin in the top weight quartile group was not significantly different with that in the lowest weight group (-0.22±0.40 vs 0.54±0.3 (μU/ml); P>0.05, data not shown in table) .
Discussion
The present study showed clearly that fasting plasma insulin in early childhood is an independent predictor of subsequent weight gain over a 5-year follow-up period in boys and girls in Da Qing children. This result was also demonstrated by another two indices of weight and obesity -BMI and WFH. By contrast, the weight in early childhood at 5 years old was not significantly correlated with fasting insulin, and was not an important predictor for the increase of fasting insulin levels in subsequent years.
The relationship between insulin concentration and change of weight has been of interest in the last 2 decades. Maffeis et al found that insulin resistance at childhood was related to reduced risk of obesity at adulthood [14] . The findings led to the hypotheses that insulin resistance inhibited glucose storage and glucose oxidation; in addition, some of the authors then implied that it might be correlated with the observation that obese adults might decrease weight gain via behavior and diet control. However, the CARDIA study examined 3095 young adults followed up for 7 years and found that an increase of 5 uU/ml in fasting insulin predicted a 5 kg/m 2 increase in BMI after adjustment for race and gender [9] . Another relatively large sample size study reported that HOMA-IR significantly predicted total and central adiposity increased after 6 years follow-up in the Swedish children [11] . Johnson et al showed that increased fat mass were significantly associated with fasting insulin concentrations in a cohort of 83 Caucasian and 54 African children [20] . The current study is the first longitudinal study over 5 years in ethnic Chinese children. All the subjects in the study population were in early childhood and were all of the same age, and did not have already had any other metabolic syndrome features (age of enrollment was 5 years). It is reasonable to propose that the present results are a more accurate reflection of the real association between insulin and weight gain. Thus, we suggest that fasting insulin in early childhood is a predictor of weight gain during late childhood (from 5 to 10 years of age), but in adults, hyperinsulinemia is more likely secondary to obesity. Consistent with our present findings, Olalekan's study of Pima India children followed up for 9.3 years from 5-9 years old to puberty, also found that fasting plasma insulin concentrations at baseline was a predictor of the rate of weight gain independently of the initial relative weight and change in height per year [17] , although the Pima Indians children were more obese and their fasting insulin level were higher compared with Da Qing children. The possible potential mechanism of how high insulin levels could enhance weight gain is that hyperinsulinemia may cause a greater energy intake to excessive weight gain in children [21] . Moreover, insulin resistance in the brain co-occur with insulin resistance in the periphery [22] . It is generally considered that obesity is caused by multiple genetic and environmental factors. Previously, Powell's studies reported that TV viewing time was an important environmental factor on weight gain [23] . In the present study, the multivariate regression analysis had shown that the fasting insulin concentration at baseline still positively correlated with weight gain and the increase of BMI over the 5 years after adjustment of birth weight, TV viewing time and the weight at baseline. This finding further supports our hypothesis that fasting insulin concentration in early childhood may independently affect weight gain.
In addition, obesity is considered a risk factor of cardiovascular risk factors. Some studies in obesity children identified that insulin resistance was a predicator of blood pressure in overweight and obese children [24] and also predicted the development of impaired glucose tolerance and diabetes that occurred at the onset of puberty [10] . In our study, the children with the greatest fasting insulin together with the greatest weight at baseline have significantly greater weight gain and the increased of cardiovascular risk factors: SBP, FPG, TG and HOMA-IR after 5 years follow-up than the children with the lowest fasting insulin combined with the lowest weight at baseline (Fig 1) . This suggests that more concern should be given for these children to intervention and prevention at early age.
There were some limitations in the present study. Firstly, only fasting plasma insulin and glucose were examined because candidates were too young and an OGTT was not considered acceptable by the authorities or the parents. Secondly, we are unable to report the relationship between waist circumference and fasting insulin, as we did not test waist circumference because of the big variation of the measurement with breath in children with 5 years of age although we knew that some studies showed that waist or waist-to-height ratio associated with insulin sensitivity [25] . Thirdly, more accurate measurements of body fat were not made as they were not available at the time of study. Fourthly, we did not have a formal assessment of pubertal stage at 10 years of age.
Conclusions
Fasting plasma insulin in early childhood was a predicator of weight gain from early to late childhood. By contrast, body weight at baseline was not able to predict any change in fasting insulin during a 5-year follow-up. Thus, the children even if at early stage of childhood with relatively higher fasting insulin levels should be given more attention to prevent the development of obesity and the accumulation of risk factors of a potential metabolic syndrome.
